The intrinsic dynamics of biological macromolecules covers a wide range of timescales, which may be adjusted to adapt to a range of temperatures. In the 1980s, several biophysical investigations showed a change in the dynamical behavior of myoglobin at a temperature at~220-230 K (1) (2) (3) . This dynamical transition, which manifests itself in a drastic change of the temperature dependence of signals related to the amplitude of atomic motions within the protein and of thermodynamic properties, has since then attracted much attention, and it has been observed in many other proteins, as well as in both DNA and RNA, in the same temperature range (4, 5) . The functional relevance of the transition is debated-although the transition occurs well below the physiological temperature range, there are reports that it coincides with the onset of biological activity in some systems, while in others there seems to be no such correlation. Biomolecular properties at these low temperatures also have implications for cryo-preservation of foods and medicines.
Early on it was appreciated that while dry proteins do not exhibit the transition, a small degree of hydration, possibly just a single layer of water molecules around the protein, is sufficient for the transition to appear. Interestingly there is a dynamical transition in water at about the same temperature, and there may thus be a coupling between water and protein dynamics (6) (7) (8) . As yet there is no consensus regarding the underlying mechanism(s) of these deceivingly simple observations; several explanations have been put forward, such as excitation of different classes of motion in the protein (e.g., an increase in the number of dihedral transitions, or motions of specific groups, that are activated above the transition), the change in water dynamics, or simply that motions begin to occur on an observable timescale. To further complicate the issue, THz spectroscopy and molecular dynamics (MD) simulations have shown that a denatured protein and random coil peptides also have a dynamical transition at~200 K (9), which was interpreted as being due to changes in interactions between side chains and water.
The article by Frank et al. (10), published in this issue of the Biophysical Journal, addresses this phenomenon using a combination of NMR spectroscopy and MD simulations to monitor residue-specific motions in an RNA molecule composed of two helical regions separated by a three-nucleotide nonpaired bulge, which acts as a hinge between the two helices. With this arrangement, the system can be expected to have overall rotational diffusion; helices moving relative to each other; and more local internal motions.
The generalized order parameter S 2 , which describes the extent of bondvector motions, was computed for a set of N-H bonds from extensive MD simulations performed at temperatures from 50 to 300 K. S 2 (T) for bond vectors in one helix clearly shows the expected change in slope at~240 K, even when overall motions of the other helix have been removed from the simulated trajectories, so that the dominant remaining motion in the system is the motion of one helix in relation to the other.
NMR dipolar relaxation of specifically 15 N-labeled nucleotides at select positions in the helices was then used to measure S 2 (T) from 291 to 313 K as an independent check of the simulation results. To allow the analysis to separate motions on different timescales, one of the helices was extended by several turns using nonlabeled, NMR-invisible nucleotides, effectively rendering the helix immobile on the NMR timescale. The NMR results agree very well with the simulations in the temperature range 290-310 K. Extrapolating to lower temperatures, the experimental S 2 (T) also has a transition at~240 K (assuming, based on fitting to experimental data, that S 2 is composed of two components, associated with fast and slow motions, respectively; both of which have a linear temperature dependence). Comparison of mean-square atomic positional fluctuations to published inelastic neutron scattering data also gave a satisfactory agreement.
The detailed analysis of the simulated MD trajectories presented by Frank et al. (10) includes extraction of global motions through principal component analysis, as well as specifics of the motions of individual bond vectors. The analysis shows that even in this system, designed to be simple to interpret, there is motional heterogeneity along the molecule in addition to the approximately threedimensional hinge-bending motion of the two helical segments.
There are still unresolved issues regarding this complex dynamical transition-for instance, the role of water is not clarified-but taken together, these results show that the low-dimensional hinge motion does indeed have a dynamical transition at~230-240 K.
